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(1)在无诱导磁场和无基片加热的条件下，通过适量 N2和 Si 的导入以及设
计和构建合适的多层结构，获得了具有较高电阻率、较优异的高频软磁性能及较





高频磁学特性。当 SiNx绝缘层厚度为 2 nm，FeCoSiN磁性层厚度为 7 nm，倾斜
角度为 30°时，[FeCoSiN/SiNx]18多层膜具有最优异的软磁特性和高频性能。 
(3)在(2)的基础上，通过改变多层膜的堆垛周期数（n =13 - 170），制备了
一系列不同总厚度的[FeCoSiN/SiNx]n 多层膜。研究发现堆垛周期（总厚度）对
[FeCoSiN/SiNx]n多层膜的高频性能影响不明显，即使总厚度高达 1.516 μm，样品
仍然能保持优异的高频电磁性能：较高的电阻率 ρ = 196 µΩ•cm，高的共振频率






















别是频率为 333 MHz时，磁芯螺线管微电感的品质因数和电感密度分别达到 2.3
和 186.7 nH/mm2，这比同等条件下制备的空芯螺线管微电感的品质因数和电感












































With the rapid development of electronic information technology, a variety of 
modern electronic components with integration, high frequency and miniaturization 
have gradually become a trend of the development direction. However, developments 
of the integration and high frequency magnetic electronic components indeed faced 
with a dilemma: lacking of soft magnetic thin film materials with excellent high 
frequency performance (including low coercivity, high permeability, high 
ferromagnetic resonance frequency and high electric resistivity). The performance of 
inductor as an important passive magnetic components is closely related to its 
volume/area, scaling down the device size (miniaturization) will inevitably lead to the 
performance deterioration, resulting in unable to meet the using demand of the device. 
To get out of this dilemma, we must seek for a material with high permeability that 
can work stability under the GHz frequency condition, and to integrate this material as 
the magnetic core into the microinductors, thus enhance the performance of the 
microinductors. However, due to the traditional magnetic materials could not posses 
high permeability, high ferromagnetic resonance frequency and high electric 
resistivity simultaneously, the practical application in GHz range of these materials 
have been restricted. Additionally, the preparation technologies of traditional 
magnetic materials could hardly compatible with components well. Therefore, this 
thesis is committed to developing a multilayer film with excellent high frequency soft 
magnetic properties for applications in GHz range and integrating this multilayer film 
as magnetic core into the solenoid microinductors contraposing the development with 
integration, high frequency and miniaturization of the magnetic components, and then 
improve the quality factor and inductance density of solenoid microinductors. The 
specific research contents and results are as follows: 
 (1) [FeCoSiN/SiNx]n multilayer thin film with high electrical resistivity, 
excellent high frequency soft magnetic properties and good thermal stability was 
fabricated by magnetron sputtering with no external magnetic field applied and no 















 chamber and multilayer structure was designed and constructed. The thickness of the 
[FeCoSiN/SiNx]n multilayer thin film was about 120 nm. 
(2) [FeCoSiN/SiNx]18 multilayer thin films with different SiNx layer thickness, 
FeCoSiN layer thickness and oblique angle were fabricated by reactive magnetron 
co-sputtering. The influence of micro-structure on the magnetic properties of 
[FeCoSiN/SiNx]18 multilayer thin films were investigated systematically. The results 
indicated that the SiNx layer thickness, FeCoSiN layer thickness and oblique angle 
had a profound impact on the in-plane uniaxial magnetic anisotropy field, which 
could tune the high frequency soft mangetic properties of the multilayer thin films 
effectively. When the SiNx layer thickness reached 2 nm, FeCoSiN layer thickness 
reached 7 nm and oblique angle reached 30°, the multilayer films could acquire the 
optimal high frequency soft mangetic properties. 
(3) [FeCoSiN/SiNx]n multilayer thin films with variable number of layers were 
fabricated on the basis of (2). The results indicated that the total film thickness had 
little impact on the high frequency magnetic performance of the multilayer thin films. 
When the total thickness of the [FeCoSiN/SiNx]n multilayer thin films increased to 
1.516 μm, they could still maintain encouraging high frequency magnetic properties: 
high electrical resistivity ρ = 196 µΩ•cm, high ferromagnetic resonance frequency fr = 
3.74 GHz and high permeability µs = 93.7, which satisfied the requirements for 
microinductors.  
(4) The HFSS software was used to simulate and analyze the high frequency 
performances of the integrated [FeCoSiN/SiNx]n multilayer film magnetic core 
solenoid microinductors with different structural parameters (turns, lengths, widths, 
thickness, horizontal spacings and vertical spacings of the wires) and magnetic core 
material parameters (resistivity, permeability and thickness), which could provide 
theoretical guidance for the fabrication of the solenoid microinductors with 
[FeCoSiN/SiNx]n multilayer film magnetic core. 
(5) The solenoid microinductors with different turns, lengths and widths of the 
wires and thickness of the magnetic core were fabricated by micromachining 















 μm-thickness [FeCoSiN/SiNx]n multilayer film as magnetic core could significantly 
improve the performances of the solenoid microinductors. When the working 
frequency reached 333 MHZ, the quality factor and inductance density of magnetic 
core solenoid microinductors reached 2.3 and 186.7 nH/mm2 respectively, which were 
23-fold and 3.4-fold than that of air core solenoid microinductors. 
 
Key Words：[FeCoSiN/SiNx]n multilayer film; Solenoid microinductor; Soft magnetic 
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